The present study describes the acoustic structure and associated behavioural contexts of vocalizations of Asian elephant calves. Three hundred twenty-seven vocalizations of six calves aged between 6 and 27 months were recorded at the Emmen and the Cologne zoo. Based on temporal and structural characteristics including nonlinear phenomena, we structurally distinguished four call types, the rumble, the roar, the chirp and the trumpet. Most vocalizations were uttered during all forms of play behaviour, with chirps and trumpets dominating here. Rumbles were mainly recorded in combination with roars; the latter were highly chaotic in structure and associated with higher arousal contexts (e.g., being separated from the mother). These first insights into the vocal behaviour of Asian elephant calves reveal that calf vocalizations clearly differ in acoustic structure and application from those of adults and older juveniles. This highlights the importance of investigating the vocal ontogeny of elephants as well as other species having a long adolescence and developmental period.
Introduction
Previous research on elephant social structure, communication and behaviour focused mostly on African savannah elephants (Loxodonta africana) (Langbauer et al., 1991; Garstang et al., 1995; Lee & Moss, 1999; McComb et al., 2003; Payne et al., 2003; Soltis et al., 2005a,b; O'Connell-Rodwell et al., 2007) . So far, only a few studies have dealt with the vocal commu-
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nication system of Asian elephants (Elephas maximus), and these mainly examined the vocal repertoire of adult and juvenile individuals (McKay, 1973; Fernando & Lande, 2000; Nair et al., 2009; De Silva, 2010) . Here, we present data on vocalizations of Asian elephant calves aged between 6 and 27 months. The focus is on describing the acoustic structure and the associated behavioural contexts of the vocalizations.
The elephant vocal communication system
Elephant calves mature in a complex society (Lee & Moss, 1999) , which supports the development of communication skills in various sensory modalities. Acoustical, chemical, visual, tactile and seismic communication has been documented in elephants, and long-and short-distance communication are important for maintaining intra-and inter-group cohesion (Langbauer, 2000) . The social structure of Asian elephants was usually described differing substantially from the fission-fusion system of African elephants, Loxodonta africana (Douglas-Hamilton, 1972; Moss, 1988; Wittemayer et al., 2005; Archie et al., 2006) . It has long been thought that Asian elephants form only close family groups, consisting of a matriarch and several generations of her offspring, with no inter-group transfer (McKay, 1973; Fernando & Lande, 2000) . A long-term study on a population in Sri Lanka, however, revealed a highly dynamic society with social networks at different levels of organization: multiple social groups overlapped in space, closely resembling the flexible social system of African elephants (De Silva et al., 2011) .
Call types shared by Asian and African elephants include rumbles, roars, trumpets and snorts (Langbauer, 2000; Leong et al., 2003; Nair et al., 2009; De Silva, 2010) . Two call types unique to Asian elephants are squeals (De Silva, 2010) and squeaks or chirps (McKay, 1973; Nair et al., 2009; De Silva, 2010) . Both are high-pitched vocalizations, and chirps/squeaks are usually produced in bouts or sequences. Terminologically, we follow Nair et al. (2009), who termed the single call 'chirp' and defined sequences as chirp bouts. Only one African elephant bull has been shown to imitate such chirping after sharing an enclosure for 18 years with Asian elephants at the Rome zoo (Poole et al., 2005) .
Elephants form stable mother-calf units and depend highly on their mothers, making acoustic communication between adults and calves crucial. Stoeger-Horwath et al. (2007) investigated vocalizations of 11 infant African elephants ranging from neonatal to 18 months of age. Six call types were
